(cH), AS AN ELECTRODE M A T E R I A L : SOME P R O P E R T I E S D U R I N G THE ELECTROCHEMICAL PROCESS
Abstract -We have studied the behaviour of p-type doped (CH), electrodes in rechargeable batteries (CH),/LM LiC104 in PC/Li. We have measured the cell voltage under constant current, the coulombic efficiency versus the charge state and estimated the importance of side reactions. Furthermore we have deduced the C104-diffusion coefficient in the solid material and evaluated the limit number of charge-discharge cycles with an amplitude of 0.07 electrons per CH unit.
It is now well established that (CH)x is an interesting material for various potential applications /I/. In particular due to its large surface area and high oxidation potential, polyacetylene has been used as an electrode material in rechargeable batteries. The general features of the properties of such batteries have been described previously by Nigrey et al. /2/ and Kaneto et al. /3/. In this paper, we describe some studies and present some results obtained on batteries of the type developped by Kaneto et al.; / 3 / .
Our batteries were made with the following components : -Positive electrode : cis-(CH), film (85% cis as determined by IR spectroscopy, and with a peak to peak ESR linewidth of %8 Gauss), 1 5 0 r m thick. Its apparent external surface was 1.44 cm2 while with a weight of 4.7 mg its actual surface area was c 2350 cm2. In that case, the charge capacity of the electrode (for 10% doping) was c 3.5 Coulombs.
-Negative electrode : Li-foil ( 2 . 3 cm2), 300 pm thick (weight % 50 mg).
-Current collectors : Pt grid for the (CH), film, and Ni grid for the Li foil -Separator : polypropylene foil.
-Electrolytic solution : 1M LiC104 in propylene carbonate. The volume of the solution used in our batteries was cO.3 ml, to be compared with 0.036 ml volume of solution strictly necessary for 10% doping of the (CH),.
c 100 mg of activated basic alumina was added to the solution. The open circuit voltage Voc in the case of neutral fundoped) ~is-(cH)~ is usually in the range 2.5 to 3 volts. During the charging process Voc increases up to 3.75V(for 10% doping) and for a given level, Voc decreases if we decrease the charging current. This last behaviour is due to a slow variation of the charge density on the actual solid-liquid inzerafce due to the slow diffusion of doping species (c104-) in the 300 to 500 A diameter fibrils of the (CH), film. Fn order to determine this coefficient D, characterizing the diffusion of ClO4-in the solid material, we have studied the time dependence of the cell voltage during the charging process at constant current I = 42 PA and applied standard models to analyse the results /4/. From the t1/2 part of the voltage time dependence (Fig. 2) we have determined : D s 2.4 10-l7 cm2/s which must be compared with the value 10-l8 cm2/s obtained from the dependence of the recovery of Voc after a voltage step /5/. The charge and discharge curves (total cell voltage versus time) have been found in good agreement with the results presented by Kaneto et al. /3/. The coulombic efficiency q has been determined as follows : part 11 of the charge passed was supposed to oxidize actually the electrode. We neglected side reactions during reduction. The oxidation state of the electrode was deduced from its rest potential Vrest using /3/ : Vrest = 3.43 + 0.14 In y (1 After a few cycles involving Qc oxidizing coulombs (charge) and QD reducing coulombs (discharge) around a known state of charge, the electrode was electrically isolated and its rest potential measured. q was determined from the equation where Qi and Qf are the initial and final oxidation states respectively. The dependence of versus y is shown on Fig. 3 . These results are in good agreement with those presented-by Kaneto We have also studied the variation of the cell voltage with the number of chargedischarge cycles. The battery Was first discharged (fixed voltage 2 2.5 V during 24 hours). One cycles consisted in i) a charge with I = 25.3 during 1000 s. ii) a discharge with I = 25.3 during 900 s. Such a cycle corresponds to a variation of the oxidation state of 0.07 electron per CH unit. The cycles were repeyted several hundred times. We note in Fig. 4 that total cell voltages Vc and VD,:measured at the end of the charge and discharge respectively, increase with the.number of cycles till % 1600 cycles, involving a coulombic efficiency better than 90% for the states of charge explored in this case. The potential plateau around 1600 cycles corresponds to an oxidation state %3% as determined from relation (1). This value is consistent with the oxidation state corresponding to 90% coulombic efficiency as determined above (Fig. 3) .
Finally, we have observed that applying a constant voltage to the cell, the float current followed a Tafel typ.e law (Fig. 5) , showing that side reactions involve charge transfer and are not diffusion controlled.
All the above results indicate that batteries with a (CH), film as electrode have particularly good characteristics as far as the oxidation state is less than -3%.
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